Modelling ethanol production from cellulose by Beeftink, H.H.
In addition to SSF-type fermentation to ethanol and lactic acid, experimental work was carried 
out to study the ability of the filamentous fungus Rhizopus oryzae to convert the pentose sugar 
xylose into lactic acid. Results indicated that R. oryzae is able to convert xylose by the two step 
reduction and oxidation route into lactate.  
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Figure 4.3 Typical conversion of xylose by R.. oryzae CBS 147.22. Fungal biomass 
production was 1.3 g/L. Experiments were performed in baffled flasks and were 
aerobically agitated at 37°C. CaCO3 was used to neutralize the produced lactic 
acid and maintain pH. Substrates and products were determined by HPLC 
analysis. 
Finally, samples obtained from various origins from a sugar production process were screened 
for C5-fermenting microorganisms by using a standard protocol for screening and isolation. 
Isolates with the highest production of ethanol and lactic acid concentrations were tested for 
substrate and product tolerance and tolerance to inhibitors (such as acetic acid) that are 
potentially present in lignocellulosic hydrolysates. 
5. Modelling ethanol production from cellulose 
H.H. Beeftink (Wageningen University, Food and Bioprocess Engineering Group) 
 
Research on ethanol production from cellulose was performed by René Drissen (01-04-2003 – 
10-09-2004) and Marieke Willemsen (01-10-2004 – 01-11-2004). The main results are 
presented here. 
 
A generic model for glucose production from various cellulose sources by a commercial 
cellulase complex. 
Kinetics of cellulose hydrolysis by Cellubrix were described mathematically, with Avicel and 
wheat straw as substrates. As a simplification, three reactions were assumed: direct glucose 
formation and indirect glucose formation via cellobiose. Hydrolysis was found not to involve 
any soluble oligomers apart from low amounts of cellobiose. Phenomena included were 
substrate limitation, enzyme adsorption, glucose inhibition, temperature dependency, and 
enzyme inactivation. In addition, substrate heterogeneity was described by a recalcitrance 
constant. Model parameters refer to enzyme characteristics on one hand, and substrate-specific 
characteristics on the other. Quantitative model development was done on basis of Avicel 
hydrolysis. In order to describe wheat-straw hydrolysis, wheat-straw specific parameter values 
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 were measured. Updating the pertinent parameters for wheat straw yielded a satisfactory 
description of wheat straw hydrolysis, thus underlining the generic potential of the model. 
 
Quantitative evaluation of separate hydrolysis and fermentation vs. simultaneous 
saccharification and fermentation. 
The hydrolysis model was extended with enzyme inhibition by ethanol. Inhibition by ethanol of 
direct glucose formation from ethanol and on cellobiose formation from cellulose was described 
with a first-order inhibition constant: Ki = 95 g/l. The impact of ethanol on cellobiose hydrolysis 
was found to be negligible. This model extension is essential for a description of simultaneous 
saccharification and fermentation, SSF. It was shown that yeast has no negative impact on the 
activity of cellulase. It was further shown that, with a relatively small amount of yeast, 
inhibitory glucose accumulation in a SSF-type process can be avoided. The SSF type process 
proved to be superior to the SHF type process, both with respect to ethanol yield per gram 
glucose (0.41 for SSF vs. 0.35 for SHF) and ethanol production rate, being 30% higher for an 
SSF type process. 
6. Enzymatic hydrolysis 
M.A. Kabel, H.A. Schols (Wageningen University, Food Chemistry Group), D. Binnema, M. 
van der Maarel and G. Klip (TNO Quality of Life) 
 
Commercial enzyme preparations are potentially effective for processing lignocellulosic 
biomass feedstocks in order to obtain bioethanol. In plant cell walls cellulose fibrils occur in 
close association with xylans (monocotyls) or xyloglucans (dicotyls). The enzymatic conversion 
of cellulose/xylans is a complex process involving the concerted action of exo/endocellulases 
and cellobiases yielding glucose and xylanases yielding xylooligomers and xylose. 
 
An overview of commonly measured cellulase-, cellobiase-, xylanase, and xylobiase-activity of 
fourteen commercially available enzyme preparations from several suppliers is presented in 
Table 6.1. 
 
In addition to these main standard-activities, the enzymatic ‘side’-activities, needed to shave off 
side-chains like arabinosyl residues, glucuronic acid residues and O-acetyl groups from the 
xylan-backbone, were analysed as well. 
 
In addition to these standardized tests the enzyme-efficiency of degrading native substrates was 
studied. Grass and wheat bran were fractionated into a water insoluble fraction (WUS), which 
was free of oligosaccharides and starch. Additionally, cellulose- and xylan-rich fractions were 
prepared by alkaline extraction of the WUS and were enzymatically digested. Hereby, the 
capability of cellulose and xylan conversion of the commercial enzyme preparations tested was 
measured. The results obtained showed that there was a large difference in the performance of 
the fourteen enzyme samples. Comparing all results, it was concluded that the choice of an 
enzyme preparation is more dependent on the characteristics of the substrate rather than on 
standard enzyme-activities measured. 
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